Introduction. This study aims to demonstrate the safety, surgical feasibility, and esthetic features of total endoscopic submandibular sialadenectomy through a chest wall approach without the creation of any neck incisions. Methods. Four patients with benign submandibular gland lesions underwent a total endoscopic submandibular sialadenectomy through a chest wall approach using 3 ports (one 10-mm port for the camera and two 5-mm ports for the working instruments). Results. The operative time ranged from 140 to 170 minutes. Conversion to the open technique was only necessary in one case with good visualization of the facial vein and artery, marginal mandibular and lingual nerve. No significant perioperative complications were encountered. All patients were discharged on the third postoperative day, and they were satisfied with the cosmetic outcome. Conclusion. Total endoscopic submandibular sialadenectomy through a chest wall approach is technically feasible and safe with satisfactory cosmetic results. It may be a valid alternative to conventional surgery when performed in select patients. The absence of neck scars and the ability to avoid potential nerve injuries are the most obvious advantages of this innovative technique.
Introduction
Video-assisted or total endoscopic procedures have been used with significant success in thyroidectomy, neck dissection, parotidectomy, and submandibular sialadenectomy. 1 The primary goal of the different endoscopic or video-assisted approaches in submandibular sialadenectomy is to abolish or conceal potentially unpleasant neck scars without increasing the perioperative complications such as bleeding, infection, and temporary or permanent nerve (marginal mandibular, lingual, or hypoglossal) dysfunction. Moreover, these techniques allow better visualization of the anatomic structures through the magnification. Till now, no single approach perfectly accomplishes this goal. 2 Most of the available endoscopic and video-assisted approaches for submandibular sialadenectomy result in a neck scar in the submandibular, submental, and retroauricular (hairline) regions. 3, 4 The transoral approach for submandibular sialadenectomy has the advantage of producing no scars on the neck with avoidance of hypoglossal and marginal mandibular nerve injury. Nevertheless, the transoral approach increases the risks of ranulas, postoperative infections, lingual nerve injuries with abnormalities in tongue sensation, scar contractures, and subsequent limitation in tongue movements. 5 We developed a new approach for total endoscopic submandibular sialadenectomy via the anterior chest wall to completely avoid the creation of neck scars while preventing potential complications of the transoral approach.
Patients and Methods
This is a prospective pilot study that was conducted from September 2016 to March 2017. Four patients with benign submandibular gland lesions were selected. The baseline
1 Mansoura University, Mansoura, Egypt criteria of the patients are shown in Table 1 . One female patient was diagnosed with pleomorphic adenoma, and 3 male patients were diagnosed clinically and radiologically with chronic calcular sialadenitis with proximally located calculi. The latter 3 patients received medical treatment for several months with temporary relief and suffered from recurrent attacks of acute exacerbation. The selection criteria for these 4 patients were the presence of unilateral benign submandibular lesions in the absence of any previous neck or anterior chest wall surgeries or irradiation. These patients attended our center and opted for endoscopic submandibular sialadenectomy. All patients were counseled after explanation of the technique and its alternatives-the endoscopically assisted and the transoral approaches with explanation of all complications. All clinical procedures were conducted in accordance with the guidelines of our ethics committee, and after obtaining written informed consent from all patients. All patients were evaluated preoperatively with a clinical history, physical examination, neck ultrasound, and fine needle aspiration cytology to exclude malignancy.
Operative Procedure
The operation was performed under general anesthesia in a supine position with the neck extended and slightly rotated to the contralateral side. We used 3 trocars in the anterior chest wall, one 10-mm trocar in left parasternal region approximately 12 cm from the suprasternal notch for the 30° rigid endoscope and 2 other 5-mm trocars in the infraclavicular region for the working instruments ( Figure 1 ). After trocars were inserted and the initial working space was created using CO 2 insufflation at a pressure of 7 mm Hg, meticulous dissection was continued upward from the clavicle toward the submandibular triangle. We started by localizing, sealing, and dividing the lower end of the ipsilateral anterior jugular vein using LigaSure 5 mm (LigaSure laparoscopic sealer/divider, blunt and dolphin tip, 5 mm to 37 cm, Covidien) at the suprasternal notch by lifting the proximal part and dissecting below, thus ensuring that we could work in the subfascial plane below the investing layer of the deep cervical fascia of the neck. By doing so, we were able to preserve the marginal mandibular nerve when approaching the submandibular gland. The dissection was continued in this subfascial plane from the midline to the middle of the anterior surface of the ipsilateral sternocleidomastoid muscle to preserve the transverse cervical nerve, until we reached the ipsilateral carotid triangle where much care was employed to dissect and visualize the common facial vein while it is curving downward to drain into the internal jugular vein. After sealing and dividing the common facial vein, the dissection was continued to visualize the anterior belly of the digastric muscle and its intermediate tendon, where the lower border of the submandibular gland was identified. The next important step was to dissect the area between the inferolateral aspect of the gland and the digastric muscle to identify the fascial artery, which was ligated with metallic clips (Figure 2 ). After safe division of the facial artery near its origin, the dissection of the lateral and superior aspects of the gland was continued by sealing of all small vessels that entered or exited from the surface of the gland. Considerable care was taken to keep the dissection all the time below the anterior cervical fascia (the gland capsule). Medial dissection was subsequently started between the anterior belly of the digastric muscle and the medial aspect of the gland, and then between the mylohyoid muscle and the gland entering the space between the mylohyoid and hyoglossus muscles. This allowed visualization of the deep part of the gland and the submandibular duct accompanied by the lingual nerve (in the upper part of this space) and the hypoglossal nerve (in the lower part of this space), which were safeguarded and preserved ( Figure 3 ). After successful dissection and division of the duct, care was taken to divide the neural connection between the lingual nerve (submandibular ganglion) and the submandibular gland without injuring the lingual nerve. We preferred to perform this step using a harmonic scalpel (ACE laparoscopic shears, 5 mm to 36 cm, Ethicon Endosurgery) due to its known precise action and minimal lateral thermal damage. Last, the remaining attachments and adhesions between the gland and its bed were sealed and divided, and the gland was exteriorized in a sterilized glove or endobag from the 10-mm trocar site after changing the telescope to a 5-mm one. The port site was dilated by artery forceps, and the skin incision was widened for additional 2 to 3 mm for specimen extraction. Hemostasis was meticulously checked, and the suction drain was inserted through the left 5-mm trocar site. The 3 trocar sites were closed with 4/0 prolene sutures. All 4 patients were discharged on the third postoperative day. Surgical outcomes including operative time, blood loss, perioperative complications (including nerve injuries and postoperative pain and paresthesias), and patient satisfaction with the cosmetic results (2 months postoperatively) were analyzed. The postoperative pain was evaluated using a Visual Analogue scale. The same time schedule for the administration of analgesics was used in all 4 patients. The cosmetic outcome was investigated at 2 months postoperatively by assessing the scar for the presence of keloids or hypertrophic scars and by reporting the degree of patient satisfaction using a simple scoring system (1, extremely satisfied; 2, satisfied; 3, acceptable; 4, dissatisfied). Table 1 shows patients' characteristics. Surgical outcomes are shown in Table 2 . All cases were completed endoscopically with no conversion to the open approach, except in one patient with submandibular pleomorphic adenoma. In this patient, after the submandibular gland was removed, we discovered another small similar lesion in the ipsilateral sublingual gland. This required division of the mylohyoid muscle and conversion to the open technique using a small submandibular incision to excise the sublingual gland lesion after dissecting it carefully from the overlying mouth floor mucosa without any intraoral incisions. The operative time ranged from 140 to 170 minutes. The estimated volume of intraoperative blood loss ranged from 30 to 50 mL. All 4 patients had an uneventful postoperative course, and experienced a mild to moderate edema in the ipsilateral submandibular region that responded to anti-edematous measures. The postoperative pain was significant on the first 2 postoperative days especially in the patient who underwent
Results
conversion to the open approach. Nevertheless, the pain scores were the same in all patients on the third postoperative day and were reported as minimal (Visual Analogue scale 2; Table 2 ). No weakness of the marginal branch of the facial nerve, evidence of hypoglossal injury, or lingual nerve paresthesia was reported except for the patient of submandibular pleomorphic adenoma who experienced a temporary ipsilateral lingual nerve paresthesia that resolved within 6 weeks. All 4 patients showed a temporary paresthesia on the ipsilateral side of the neck and the uppermost part of the chest that resolved within the postoperative 2 months. Two months after the procedure, 3 patients were extremely satisfied, and one patient reported that her degree of satisfaction was acceptable (Table 2 and Figure 4 ).
Discussion
Surgery remains the gold standard treatment in the majority of submandibular salivary gland tumors and refractory sialadenitis and sialolithiasis. 6 Despite their efficiency in treating submandibular sialolithiasis and serving as a good alternative to surgery, sialendoscopy and lithotripsy techniques are not available at all institutions and are potentially difficult in impacted and proximally located perihilar and intraparenchymal lithiasis. Additionally, they still have high recurrence rates. 7 Submandibular sialadenectomy is conventionally performed through a submandibular neck incision that results in a differently sized neck scar that may be complicated by hyperesthesias, paresthesias, hypertrophy, or keloid formation, especially in those with darker skin. Submandibular sialadenectomy also carries various risks including injury to the facial, lingual, and hypoglossal nerves, infection, fibrosis, and hemorrhage. 3, 8, 9 Various endoscopic and nonendoscopic modifications and refinements have been used for submandibular sialadenectomy. These modifications are aimed primarily at minimizing the neck scar by operating through small incisions or by making the incision in concealed locations using the submental, retroauricular, or transoral approaches. Second, these modifications are aimed at improving the visualization of the operative field to minimize traumatic dissection and potential neural injuries using video-assisted or exclusively endoscopic approaches. 1, 3, 4, [8] [9] [10] Komatsuzaki et al were the first to report the video-assisted lateral approach for submandibular sialadenectomy in 4 patients. 1 To date, various other similar video-assisted approaches in the submandibular gland have been reported. [11] [12] [13] [14] The feasibility of the exclusive endoscopic approach in the submandibular region was first investigated in 2006 by Kessler et al, who examined submandibular excisions in 4 pigs, 4 cadavers, and 2 women via cervical ports (midline and inferior lateral approaches). 15 However, the desire for a technique that did not produce scars in the neck with submandibular sialadenectomy was unmet with all of these modifications and refinements, except with the transoral approach, which was first described in 1960 16 and popularized in 2000 and 2001. 8, 17 Although the transoral approach avoids neck scarring and hypoglossal and marginal mandibular nerve injuries, this approach increases the risks of ranulas, postoperative infections, lingual nerve injuries with abnormal tongue sensation (in approximately 74% of patients), scar contractures, and subsequent limitations in tongue movements (in approximately 70% of patients). 5, 11, 18, 19 Refinement of the transoral technique has led to substantial avoidance of permanent nerve injury, but 25% of patients still reported temporary changes in their tongue sensation. 20 Interestingly, the 4 patients in this study requested an approach that did not produce scars in the neck and refused the transoral approach. Thus, we decided to perform the anterior chest wall approach, which was established for endoscopic thyroidectomy. 21 We did not prefer the video-assisted approach, which requires long retractors and mechanical lifting devices, 1, 18 and instead favored the exclusive endoscopic approach with CO 2 insufflation. This technique abolished the need for a second assistant to hold the retractors, thereby causing minimal stretching of the tissues, especially the skin flap, while ensuring full exposure of the operative field during the procedure. 12 The maximum pressure necessary to create a working space in the submandibular region is not yet known. We worked with an insufflation pressure of 7 mm Hg, which provided an adequate and comfortable working space without producing hypercarbia, acidbase imbalances, or surgical emphysema. The potential disadvantages of the endoscopic submandibular sialadenectomy via a chest wall approach include the following. The procedure involves extracervical remote access, which requires a longer time, may increase postoperative pain, and is a more difficult dissection due to the long distance. Kessler et al previously reported that the inferior lateral approach in the submandibular gland is less appropriate and more difficult, especially in patients with bulky and short necks. 15 Additionally, questionable cosmesis with the presence of 3 small scars in the anterior chest wall was another disadvantage. Nevertheless, this approach has several advantages. First, the approach completely avoids neck scars, which was requested by several patients. Second, the disadvantage of remote access may be outweighed by the advantage of safe dissection through this route, as most of the dissection runs above the pretracheal muscles and the sternocleidomastoid muscle. This route does not put important neck structures, including the external jugular vein or great auricular nerve, at risk as occurs in the retroauricular approach. 4, 10 Third, the presence of 3 small scars on the anterior chest wall may be acceptable by some patients, as scar perception is subjective and depends on factors including the location, color, thickness, pain, stiffness, and itching. Our patients completely refused any small visible scar on their neck but accepted 3 small hidden scars on the anterior chest wall. Endoscopic neck procedures, such as endoscopic sialadenectomy, may produce increased postoperative pain, especially in the first 48 hours. Nevertheless, a significant decrease in pain severity is usually reported thereafter. We evaluated patient satisfaction 2 months after the operation using a simple scoring system (1, extremely satisfied; 2, satisfied; 3, acceptable; 4, dissatisfied), which was used by other authors. 2, 11 Three patients in this study (75%) were extremely satisfied by the aesthetic outcome.
Conclusion
Total endoscopic submandibular sialadenectomy via the chest wall approach is technically feasible, safe, has satisfactory cosmetic results, and may be a valid alternative to conventional surgery when performed on select cases. The absence of neck scars and the ability to avoid potential nerve injuries are the most obvious advantages of this innovative technique. We believe that the operative time will eventually decrease with more training and with improvement in the endoscopic instruments. 
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